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5 THE INSULATING MATERIAL COMPOSITION, AND MODULE USING THE 
CIRCUIT BOARD 

(57) [Abstract] 

[Object] To provide an insulating material composition that is used in an 
10 electronic component for an electric equipment, a communications equipment, 
an automobile or the like and that can keep a high thermal conductivity and a 
high electric insulation for a long period of time, a metal base circuit board 
using the insulating material composition, and a module using the metal base 
circuit board. 

15 [Constitution] An insulating material composition obtained by hardening a 
mixture of an inorganic filler and a resin, having a thermal conductivity of 
3.0x1 0" 3 cal/cmsec°C or more, and a dielectric constant of 4.5 or less. A 
metal base circuit board that uses this insulating material composition and a 
module that uses this metal base circuit substrate composition. 

20 [Effect] The insulating material composition of this invention has a high thermal 
conductivity and a high dielectric constant. The metal base circuit board and 
the module each using the insulating material composition has a high 
discharge starting voltage, can keep a high electric insulation for a long time, 
and has a high reliability. 
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[0012] 

[Means to Solve the Problems] According to the present invention, there is 
provided an insulating material composition that is obtained by hardening a 
mixture of an inorganic filler and a resin and that has a thermal conductivity of 
5 3.0x1 0' 3 cal/cmsec*°C or more and a dielectric constant of 4.5 or less. 
[0013] Further, according to the present invention, the insulating material 
composition is characterized in that the inorganic filler includes one of or two or 
more of boron nitride, diamond, and beryllium oxide. 

10 [0021] A particle size of the inorganic filler is preferably 15 micrometers or 
less. If the particle size is larger than 15 micrometers, the mixture of the 
inorganic filler and the resin tends to have a defect or a void tends to remain in 
the insulating layer after hardening. As a result, the thermal conductivity is 
deteriorated and the electric insulation is lowered, so that a desired insulating 

15 material cannot be obtained. If the particle size is 15 micrometers or less, a 
crushed object of a sintered body or the like can be used similarly to an 
ordinary powder. As for a particle shape, since it is desirable to fill the 
inorganic filler at a high filling factor so as to improve the thermal conductivity, a 
shape close to a sphere is preferable. 

20 [0022] As the boron nitride, one of various boron nitrides such as h-BN, P-BN, 
c-BN, and t-BN can be used. In addition, a mixture thereof can be used. 
Among them, h-BN is preferable since it belongs to a hexagonal group, has 
high electric insulation and can be obtained at a low cost. The crystallinity of 
the hexagonal boron nitride is indicated by the degree of graphitization (Gl 

25 value) as a criterion. The Gl value is calculated from diffraction strengths 



■HIT 



(peak areas) of a (100) plane, a (101) plane, and a (102) plane for X-ray 
diffraction using the following equation (1). 

[0024] The lower the Gl value is, the higher the crystallinity is. A Gl value of 
5 hexagonal boron nitride that has been completely crystallized is 1 .4. The 
crystallinity of the hexagonal boron nitride used in the present invention is 
preferably 2.0 or less, more preferably 1 .6 or less. Hexagonal boron nitride 
having a degree of graph itization which exceeds 2.0 normally, 
disadvantageously has a low purity, tends to generate a gas when being mixed 
10 with a resin to cause a void, and has a low electric insulation or a low thermal 
conductivity. 

Table 1 

Example 

15 Comparison example 

Resin type 

Bisphenol-F epoxy resin 
Bisphenol-A epoxy resin 

20 

Inorganic filler 
Type 

Boron nitride 
25 Diamond 
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Beryllium oxide 

Boron nitride* + Beryllium oxide 
Boron oxide 
Aluminum oxide 

5 

Gl value 

Mean particle size 
Filling factor 

1 0 Surface treatment agent 

Hexamethyldisilazane 
Epoxy silicon 
Aminosilane 

1 5 Thermal conductivity 

Dielectric constant 
Discharge starting voltage 
Mean fracture time 
Transistor temperature 
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Boron nitride: beryllium oxide =1:1 (volume ratio) 
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